We consider how individuals' decisions on their health behaviours depend on the level of investment in their health provided by the State. We develop the model provided by Ehrlich and Becker (1972) and Peltzman (1975) and we show that higher levels of protection provided by the State (either through the increased availability or effectiveness of medical care) can crowd out or reinforce self-insurance. We apply this model to the smoking cessation decision made by individuals diagnosed with a cardiovascular disease in waves of the Health Survey of England between 1993 and 2006. There has been a considerable increase in the proportion of these individuals who receive prescriptions of statins from the State, a highly effective drug that reduces the probability of further heart attacks and premature death. We find that the probability of quitting smoking is increased by four percentage points amongst those individuals prescribed statins. This result is robust to allowing for the direct effects of smoking advice. When the potential endogeneity of doctors' decision to prescribe statins is dealt with using variables in national guidelines, we find that unobservable characteristics which make people more prone to stop smoking reduce the probability of receiving statins and the evidence of the complementarity between quitting smoking and prescription of statins is confirmed.
prescription. JEL classification: C25, C35, D01, I12, I18
Introduction
Individuals' health behaviours are known to be important in determining health status [Balia and Jones (2008) , Contoyannis and Jones (2004) ].
In recent years, the UK NHS has increased its expenditure both on the promotion of health behaviour change and on the supply of effective health care interventions. Although the effect of the latter may influence individual behaviour, most evaluations focus on the direct health effects of NHS interventions in terms of medical treatment or health promotion. In this paper we examine the indirect effects of health care investment on individual health behaviours. On the one hand, the State provides insurance for losses caused by ill-health. More comprehensive insurance may induce individuals to take more risks with their health and exert less effort on health production (the "crowding-out hypothesis"). On the other hand, greater investment by the State increases life expectancy, which, in turn, increases the returns to individual health investments. Individuals may therefore exert more effort in investing in their future health (the "complementarity hypothesis").
We develop a theoretical model in the framework of insurance contracts by Ehrlich and Becker (1972) and Peltzman (1975) where the individual has to choose the level of self-insurance (i.e. healthy behaviours) based on the level of protection/insurance by the State. We find that crowding out only occurs under specific assumptions on the relation between the volume and effectiveness of medical treatment and self-insurance.
We apply this model to the case of individuals with heart disease who face the decision of whether or not to quit smoking. According to the Department of Health, coronary heart disease (CHD), despite being preventable, kills more than 70,000 people each year. About 110,000 people have a heart attack in England every year and around two million people suffer from angina in the UK. Thus, CHD is a significant cause of morbidity and mortality.
The Department of Health published a "National Service Framework" for Coronary Heart Disease (CHD NSF) in 2001 which set out a ten-year plan to "transform the prevention, diagnosis, treatment and care of patients with heart disease" [DH, CHD NSF (2004) ]. Part of this programme was more effective prescribing by family doctors, with prescription of statins alone intended to save 3,000 lives a year [DH, NHS Plan (2000) ].
The CHD NSF proposed that people with diagnosed CHD should receive advice about how to stop smoking, personalised advice on how to reduce other modifiable factors (including physical activity, diet, alcohol consumption and weight), advice and treatment to control blood pressure, daily aspirin, and statins and dietary advice to lower serum cholesterol concentrations. In addition, the CHD NSF placed an immediate priority on raising the proportion of people discharged from hospital following a heart attack receiving aspirin, beta-blockers and statins to 80-90% by April 2002.
Following the CHD NSF launch up to March 2004, prescription of statins increased by 30% every year [DH, CHD NSF (2004) ].
Compared to ten years ago, smokers who now develop heart disease may respond to this better State-protection by either being more likely to quit (the returns are higher) or being less likely to quit (better protection induces moral hazard).
Whilst we find strong evidence of complementarity between prescription of statins 2 and quitting smoking, we highlight several methodological issues that may affect causal inference. First, the indirect effect of the prescription of statins needs to be disentangled from the direct effect of smoking cessation advice. Second, the timing of the decision to quit smoking should be after the diagnosis of cardiovascular problems. The results still hold after such robustness checks.
Potential biases may still arise if doctors -able to observe the underlying individual propensity to quit smoking -select patients, who, in their opinion, are more likely to benefit from the medical treatment. We estimate a recursive, simultaneous equation model with an endogenous dummy variable. Identification of "objectively" high risk patients is obtained through the use of variables contained in national guidelines which should be exogenous to doctors' decision to prescribe. We find that patients' willingness to quit smoking makes them less prone to be prescribed with statins (and vice versa) . The prescription of statins exclusively based on observed risk factors reinforces the probability of quitting smoking. This is evidence that doctors use medical treatment to compensate for the patients' unobserved attitude toward health behaviour. This paper is organized as follows. The next section presents the literature review. Section (3) solves a theoretical model. Then, section (4) 2 Information on the prescription of lipid-lowering drugs in the Health Survey for England (HSE) was obtained from all prescriptions with a code of 2.12 in the British National Formulary. Actually, separate identification of statins is not possible in the HSE, but by 1998 statins comprised around 90% of all lipid-regulating drugs prescribed [ONS (1998) ].
describes the data. Section (5) presents the results of the empirical models. Concluding remarks are offered in Section (6).
Literature review
The shift of attention away from health provision per se and towards how individual and societal behaviour can be changed to improve population health status, began to be the focus of the health policy in the late 20th century. The Lalonde's Report (1974) in Canada proposed to focus on the areas of lifestyle, environment and human biology rather than considering health care as the only determinant of health. The Report advocated that the most effective means to reduce mortality is the improvement of environmental and lifestyle factors.
Both the Acheson Report (1998) and the White Paper, Our Healthier Nation (1999) in the late 1990s emphasised that health depends on social and economic conditions, as well as the environment, lifestyle, access to services and genetic risk factors. The Reports gave recommendations on the promotion of healthier lifestyle; diet and nutrition; physical activity and smoking cessation.
At the beginning of the 21st century the Wanless Report (2004) used scenario planning to illustrate and quantify the benefits of investing in a long-term public health strategy that focuses on both health care provision and health behaviour. The Report illustrated the considerable difference in expected cost depending upon the extent to which the NHS services became more productive and people became fully engaged with their own health.
In arguing that the short-term benefits of engaging people in living healthier lives can involve a reduction of the demand for health services, the Report thus recognised that the demand for health care is derived from the demand for health.
Long before the Wanless Report (2004) was published, the seminal work by Grossman (1972) showed that health care is both a consumption good that yields utility, and an investment good, which yields satisfaction to consumers indirectly through increased productivity, fewer sick days, and higher wages. Investment in health is costly as consumers must trade-off time and resources devoted to self care with other goods such as leisure (i.e. the money and time prices of health as defined by Acton (1973) ).
More recently, theoretical models have highlighted the defining feature of health as an uncertain good. As noted by Zweifel et al. (2009) , theo-ries of production can be applied to the choices of "healthy" inputs once uncertainty of the outcome and state-dependent preferences are taken into account. These models can be placed in the tradition of "state-contingent claims" as developed by Arrow (1973) and Debreu (1959) .
Although unobservable factors affect health status, each individual, as producer of her own health, still has the ability to prevent ill-states or their negative effects should they occur. We can thus think of choices between "healthy" inputs and other goods in the framework of insurance contracts. Ehrlich and Becker (1972) , make a distinction between the concept of insurance (where a redistribution of income toward hazardous states occurs) and self-protection (where the probability that hazardous states occur is reduced). They argue that complementarity between insurance and selfprotection occurs whenever the assumption of independence between their prices is dropped. "Not only are market insurance and self-protection complements in the sense that the availability of the former could increase the demand for the latter, but also in the sense that an increase in the productivity of self-protection or a decrease in the real cost of market insurance would increase the demand for both" [Ehrlich and Becker (1972) ]. Peltzman (1975) applied this concept to the effect of automobile safety regulation on road accidents. He demonstrated that mandatory installation of safety devices, designed to decrease the loss from an accident, has ambiguous effects on the total cost of accidents -the devices will lead to an increase in the probability of an accident, which may offset the reduction in the average loss per accident.
A recent paper by Chang and Trivedi (2009) has built a model of choice between self-medicating behaviour and professional care in developing countries. Under the assumption that self-medication is a low-quality and risky strategy in Vietnam, they showed that it is an inferior good (i.e. the demand for it declines with rising household incomes). After demonstrating that the demand for self-medication is decreasing in price, they imply that a decrease in the price of professional care lowers the demand for self-medication as its relative price increases. Their results seem to support crowding out of self medication, but rely on the strong assumption that the prices of selfmedication and professional care do not depend on each other.
de Preux (2010) modifies Ehrlich and Becker (1972) model assuming that lifestyle benefits appear in the future and not immediately. Thus, focusing on the anticipatory effects of insurance she finds that as the individual approaches the period of Medicare coverage, moral hazard occurs and invest-ments in healthy lifestyles are reduced.
There is little empirical literature that tests the effect of insurance on individuals' healthy behaviour. Courbage and de Coulon (2004) find that privately insured individuals are more likely to have breast screening and undertake healthier lifestyles than individuals covered by NHS. Stanciole (2007) uses a sequential model to look at the impact of insurance on lifestyle measures such as smoking and obesity. He finds evidence of moral hazard. de Preux (2010) uses the Health and Retirement Study and finds no evidence of moral hazard for the quitting smoking behaviour. But she finds weak evidence of moral hazard in drinking behaviour.
The empirical literature on statins is particularly focused on two aspects: a) the effectiveness of statins in increasing the survival of patients diagnosed with heart disease; and b) the issue of equitable treatment across patients.
Lipid-regulating drugs have been found to reduce mortality of patients with ischaemic heart disease (IHD) in observational data as well as randomised controlled trials. For instance, Hippisley-Cox and Coupland (2006) show that patients taking statins have higher survival rates than those who do not take statins. The six year survival rate was 89% for patients taking statins and 66% for those not taking statins. They find no significant evidence that the effectiveness of statins is related to age, sex or diabetes.
Statins have been around for 20 years. Their growth has been fuelled by trials that show they can cut deaths from heart disease by at least a quarter, and because they are relatively cheap and very safe. Indeed, since 1994 several large randomised clinical trials have established the effectiveness of lipid lowering drugs (particularly statins) in preventing deaths from coronary heart diseases through the lowering of cholesterol, both in the context of primary and secondary prevention.
Despite the effectiveness of statins being widely recognised, prescription rates vary across patients with the same risk factors, which raises question about the equity of treatment. Gill et al. (2004) use the Health Survey for England data in 1998 and 1999 and suggest that socioeconomic factors but not ethnicity affect the use of lipid-lowering drugs. In line with the results of Reid et al. (2002) and Ramsay et al. (2005) , they find that the young and people with a history of myocardial infarction are those, amongst the patients with IHD, more likely to be taking lipid-regulating drugs. Undertreatment with statins amongst elderly and women has been higlighted by Tonstad et al. (2004) , in the Oslo Health Study, and by Ma et al. (2005) in the National Ambulatory Medical Care Survey in U.S. Reid et al. (2002) also suggest that smokers are at a disadvantage for receiving lipid lowering therapy. Large statin trials (as summarised by Isles and Norrie (2000) ) have found that statins are equally effective in smokers and non-smokers. Nevertheless, the question is whether smokers are willing to improve the effect of lipid lowering drugs by giving up smoking and whether doctors compensate the negative health effects of smoking with medical treatment.
The difficulty of the clinician can be summarised as follows. On the one hand, as noted by Isles and Norrie (2000) , doctors recognise that whilst the effect of pharmacological treatment is immediate, changes in lifestyles such as quitting smoking can be difficult particularly amongst poorly motivated people. Hence, they may over-supply treatment to compensate for the smokers' lower effort in healthier lifestyles. On the other hand, as suggested by Goddard and Smith (2001) and by the findings of Tonstad et al. (2004) , doctors could under-supply medical treatment if they believe that the marginal benefit from the treatment to smokers is lower compared to non-smokers.
The theoretical model
In this section we develop a model that determines the effect of changes in the availability and effectiveness of State medical services on the care that individuals take of themselves. More specifically, the model aims at answering the following question: does State-protection (proxied by the provision of medical care) crowd out or reinforce self-insurance (defined as the individuals' healthy behaviour)? Zweifel et al. (2009) have highlighted that the concept of inputs substitutability can be applied to medical and self-care in the health production function. This approach has been taken by Chang and Trivedi (2009) in a health production model of interaction between self-medication and professional care. However, closed form solutions of these models require the specification of utility functional forms and the health production function, thus casting doubts on the general implications of their results.
Our approach departs from the traditional health production function and adopts Ehrlich and Becker (1972) and Peltzman (1975) concepts of insurance and State-protection to health. We can think of the NHS as a benevolent State-provided organisation that both reduces the probability that the individual enters an ill-state and reduces the negative effects of a disease if and when it occurs. In addition, individuals can also reduce the effects of an illness by adopting healthier lifestyles. But then the question we ask is whether an increase in the availability of State-protection is reinforced by self-care or not.
The model we set up can be thought of, in the terms of Ehrlich and Becker (1972) , as the concomitant effects of "State protection" (whereas the quantity and effectiveness of medical services reduce the probability that illness occurs) and "State insurance" (whereas the quantity and effectiveness of medical services reduce the negative effects of illness) on self-insurance (whereas self-care reduces the negative effects of illness).
Setup
The traditional "state of the world" approach to insurance contracts assumes that the probability of a state is determined by "nature" and is independent of human actions. But this setup cannot be applied in the context of "health states" where the occurrence of an ill-state (partly) depends on individuals' behaviour.
Consider, for example, the probability that a heart attack occurs. Independent state probabilities for each episode cannot be obtained, since the probability of a heart attack occurring in a particular individual is not independent of the quantity and effectiveness of medical services. In this context, we define State-protection in health as the health interventions that reduce the probability of ill-states and raise the probability of better health states by shifting the distribution of health away from bad outcomes.
The State-provided NHS service can also reduce the negative effects of a heart attack, by prescribing statins for example, effectively acting as an "insurer" in a broad sense (so-called State-insurance). Individuals can also reduce the negative effects of a heart attack by complying to medical advice or adopting appropriate lifestyle (so-called self-insurance).
We consider the case where individual behaviour cannot affect the probability that ill-states occur. This can be considered a special but not unrealistic case, if we think of an individual who has already cardiovascular diseases or has had a first episode of heart attack. In these cases, the "endowed" probability of developing a more severe condition is so high that the effect of self-care can be considered to be negligible compared to medical care 3 .
Assume that an individual is faced with only two states of the world H ∈ {0, 1} with probabilities π and (1 − π), respectively. In an attempt to abstract from functional forms of production functions, we look at an individual who wants to maximise her expected income in the healthy and ill-states [Peltzman (1975) ].
In the "healthy state", H 0 , she will enjoy the following income:
where I =income; rs =expenditure on self-care and pm =expenditure on medical services (including time costs).
In the ill-state, H 1 , she will incur in a cost of illness given by the loss of labour income:
where L =loss of income due to illness and, as before, pm =expenditure on medical services. Should the individual be affected by a heart attack, she will incur an income loss from reduced number of working days, for example. Assume also that:
whereby π, the probability of an ill state to occur, depends on π e , the endowed probability 4 of ill-health, m, the quantity of medical services (i.e. number of visits to the doctor) and α, the effectiveness of such services (i.e. medical "technologies" such as statins). Note, ∂π ∂m ≡ π m (π e , α, m) ≤ 0 such that an increase in the use of State-protection reduces the probability that the ill-state will occur. We distinguish between the volume and effectiveness of State intervention to highlight the potential effect of technological advances. We assume that, for example, frequent doctor visits can reduce the chances that a heart attack occurs. In addition, ∂π ∂α ≡ π α (π e , α, m) ≤ 0 indicates that an improvement in medical technologies can make State volume more effective and further reduce the probability that ill-states occur.
In the next two sub-sections we first analyse the case where the income loss due to illness only depends on self-care and then we consider the case where the quantity and effectiveness of medical services can also affect the income loss.
State-protection and self-insurance
Assume that whilst self-care can reduce the income loss from illness, the quantity and effectiveness of health interventions reduce the probability that ill-states occur. Hence, we can think of this model as an analysis of the concomitant effects of State-protection and self-insurance on the choice of self-care and medical services.
We can thus let the loss function depend on self-care such that:
where L (s) < 0. By combining equations (1-4):
An individual then chooses a combination of self-care, s, and medical services, m, to maximise expected income. After rearranging equation (5), the maximisation problem can be written as follows:
Rearranging (6a) and (6b):
Necessary second order conditions are:
These will hold if there are diminishing returns to State-protection and selfcare loss reduction (i.e. π mm (π e , α, m), L (s) > 0). Equations (7-10) have the following implications: 1) an increase in the price of medical services, p, or a reduction in the loss of income due to illness, L, reduces the use of State-protection and hence increases the risk of a heart attack; and 2) an increase in the price of self-care, r, or a reduction in the probability that a heart attack occurs, reduces the patient's use of self-care thus increasing the loss of income from illness.
Effect of change in the effectiveness of medical services
The direction of changes in the effectiveness of medical services on m and s depends on the numerator of equations (A.1) and (A.2) as derived in Appendix A.
As EI sα and EI sm are both unambiguously negative 5 , the effect of a change in the effectiveness of medical services depends on the relation between quantity and effectiveness of medical services.
From the first order conditions in equations (6a-6b):
the sign of which is ambiguous depending on π mα (π e , α, m). Crowding-out of self-care (i.e. substitution of self-care with medical services) takes place whenever increased effectiveness enhances the effect of medical services in reducing the likelihood of an illness. More formally, the moral hazard hypothesis occurs if π mα < 0, which, in turn, implies that EI mα > 0 and hence ∂m ∂α > 0 and ∂s ∂α < 0. Note that this result depends on the assumption that the quantity and effectiveness of medical services, m and α, do not affect the income loss from a heart attack but only the probability of its occurrence. In the next sub-section we will drop this assumption to test whether our result still holds.
3.3. State-protection, self-insurance and State-insurance A more realistic approach allows health interventions to reduce both the probability that an ill-state occurs and the income loss from an illness. Hence, we can think of this model as an analysis of the concomitant effects of Stateprotection, self-insurance and State-insurance on the choice of self-care and medical services.
We can thus let the loss function depend on self-care, quantity and effectiveness of medical services such that:
where
The maximisation problem can be written as follows:
These will hold if there are diminishing returns to State-protection and selfcare loss reduction (i.e.
The effect of changes in the effectiveness of medical services on m and s has been derived as before in Appendix A. The direction of such effects are even more ambiguous than before as it depends on the combined effect of self-care, quantity and effectiveness of medical services on the income loss and the likelihood of an illness.
Crowding-out of self-care (i.e. substitution of self-care with medical services) takes place whenever increased effectiveness enhances the effect of medical services either in reducing the likelihood of an illness or in reducing the income loss (or both). The income loss from illness, however, is not reduced by the combined effect of self-care and quantity or effectiveness of medical services.
More formally, the moral hazard hypothesis hinges upon the following conditions: a) π mα < 0 and/or L mα < 0 which, under certain conditions 6 , imply that EI mα > 0 ; and b) L sα , L sm > 0 which, respectively, imply that EI sα , EI sm < 0.
Concluding remarks
To sum up, we have analysed the relation between health interventions and individuals' healthy behaviour (i.e. self-insurance) under the following two scenarios. First, the State-provided NHS can only reduce the probability that ill-states occur -so-called State-protection. Second, in addition to the State-protection role, the NHS can effectively act as insurer by reducing the size of income loss should an ill-state occur -so-called State-insurance. In both cases we have shown that the relation between medical services and the care individuals take of themselves is an ambiguous one.
The occurrence of moral hazard (i.e. substitution of self-care with medical services) depends on particular relations between self-care itself and the quantity and effectiveness of medical services. The predictions of the model would become even more difficult to interpret once individuals are assumed to both protect and insure themselves.
As the relations between self-care and the quantity and effectiveness of medical services depend on individuals' preferences, the moral hazard hypothesis remains an empirical question that we will address in the following sections of this paper.
Data and descriptive statistics
This descriptive section is divided into five parts. Firstly, we provide an overview of the Health Survey for England (HSE) in subsection (4.1). Secondly, we describe the characteristics of the sample in subsection (4.2).
Finally, we present the measures of State-protection and self-care together with a simple analysis of their correlation in subsections (4.3-4.5).
The Health Survey for England (HSE)
The Health Survey for England (HSE) comprises a series of annual surveys beginning in 1991. It is designed to be nationally representative of people of different age, sex, geographic area and socio-demographic circumstances. The HSE series is part of an overall programme of surveys commissioned by the Department for Health and designed to provide regular information on various aspects of the nation's health. Since 1994 onwards the survey has been carried out by the Joint Survey Unit of the National Centre of Social Research and the Department of Epidemiology and Public Health at University College London. All surveys have covered the adult population aged 16 and over living in private households in England. Children have been included in every year since 1995.
The Health Survey combines information on diagnoses, health behaviours and prescribed medicines.
The Health Survey for England contains a "core" sample which is repeated each year and each survey year has one or more modules on subjects of special interest and a "boost" sample. The "core" part includes questions on general health and psycho-social indicators, smoking, alcohol, demographic and socio-economic indicators. It also includes information on prescribed medicines. In each year of the "boost" sample, the Health Survey for England focuses on a different demographic group and looks at such health indicators as cardiovascular disease, physical activity, eating habits, oral health, accidents, and asthma. In particular, there is a focus on cardiovascular diseases and associated risk factors in the following waves of the data: 1991-1994, 1998, 2003 and 2006. 
The characteristics of the sample
In order to have a consistent sample size, the empirical analyses in the following sections of this paper will focus on specific waves of the HSE where the largest sample of cardiovascular disease (CVD) 7 patients is available (i.e. 1993, 1994, 1998, 2003, 2005 and 2006) 8 . The descriptive statistics in this section only refer to some of these waves, namely, 1998, 2003 and 2006. In Table ( 1) we provide some simple descriptive statistics for specific waves of the HSE. Over 50 percent of the sample of people with or without CVD is female. On average, people with CVD are older than people without CVD, where the age gap exceeds 15 years. There are substantial differences in the proportion of people with any CVD problem across the country over the years. The proportion of people living in the North East and West Midlands with CVD has increased, respectively, by ten and 13 percentage points from 1998 to 2006. In the North-East there is the highest CVD rate across the years.
Turning to socioeconomic measures, we find that the proportion of manual workers who have CVD has increased from 27 percent in 1998 to 31 percent in 2006. Unsurprisingly, as these conditions are most likely to appear at later stages in life, the majority of retired people have CVD. There are marked differences in the proportion of people with CVD problems across the distribution of income. Up to 2003, the majority of ill people are located in the lower tails of the income distribution (i.e. either in the first or second quintile). In 2006, there is an improvement in the bottom income quintile and a shift of ill people to the middle and higher quintiles.
Measures of State-protection/insurance in the HSE
State-protection/insurance in health can be provided by offering information to the patient or by delivering medical services such as prescription of medicines.
We focus on the information regarding smoking cessation advice contained in the HSE. From the late 1990s considerable effort has been put by the UK government to increase smoking cessation campaigns and the availability of services for those willing to quit. In Table ( 2) we report some demographic and economic characteristics of those, amongst the patients with CVD problems, who receive and fail to receive smoking cessation advice.
The proportion of people with CVD who do not receive smoking cessation advice is higher than those who do receive advice. CVD patients who receive smoking cessation advice are usually younger than those who do not receive advice. The average income of those who receive smoking cessation advice is lower than the one without advice.
The HSE also contains information on medicines prescribed to people with a cardiovascular disease. Figure ( 
Measures of self-care in the HSE
As outlined in section (3), people can reduce the size of income loss should illness occur by adopting healthier lifestyles. We focus on particular measures of self-care available in the HSE that are consistent across waves. More specifically, Table ( 3) reports measures of healthy and unhealthy behaviour.
We find that approximately 55 percent of CVD patients who drink lowfat milk are female. We also find that more than 50 percent of smokers who have CVD are women 10 . Patients with CVD who quit smoking tend to be older than those who do not quit. But CVD patients that drink low-fat milk are 
The relation between State-protection and self-care in the HSE
Do NHS interventions (i.e. State-protection) increase the probability of quitting smoking (i.e. self-care)?
We observed in Figure ( 1) that the prescription of statins has increased over time. In this section we want to analyse whether the increased medical treatment (proxied by the prescription of statins) corresponds to an increase in self-care (proxied by smoking cessation) for those with diagnosed CVD. 
The empirical model and results
We start our analysis with univariate pooled and cohort panel models in the waves of data between 1993 and 2006 of the HSE. More formally, we estimate the probability that an individual with CVD quits smoking (q it = 1) as follows:
where we (the researchers) can only observe q it = 1.[q * it > 0] depending on q * it , the latent propensity to quit smoking of individual i at time t. X it is a vector of demographic and socioeconomic characteristics; s it is a measure of State-protection proxied by the prescription of statins and it is a random error assumed to be normally distributed.
More specifically, the vector X it contains the following variables. Demographic characteristics include age and its squared value, gender and its interaction with age, number of children, marital status, ethnicity and an indicator of formal qualification. Socioeconomic determinants are denoted by the availability of a car, the number of bedrooms in the house, social class, employment status (i.e. proxied by a dummy indicating whether the individual i th is employed or not) and income. The value of income has been equivalised by household size and deflated by using the consumer price index (UK National Statistics). We also include regional and year dummies to control for macro policy variations across years and regional differences within England.
Results are reported in Table ( We find no statistically significant evidence of crowding out of self-care. Table ( 5) shows that those who have been prescribed statins are between three and four percent more likely to quit cigarettes smoking. This result becomes more significant once socioeconomic characteristics, regional dummies and birth cohorts are included in the model 12 . Considering the vector of demographic characteristics, we find that those with CVD who are not single are ten percent more likely to stop smoking cigarettes in model IV. There is also evidence of a very significant and positive effect of education on the quitting smoking behaviour. Turning to the economic indicators, we find that wealthier individuals with CVD are less likely to keep smoking. For instance, having at least one car is associated with a higher likelihood of quitting smoking (the effect is between six and seven percentage points).
Models III and IV include regional dummies with South East as reference group. We find some evidence of regional differences in smoking behaviour. For instance, respondents in the North West, Yorkshire and Humber, and West Midlands regions are less likely to quit smoking compared to the South East.
Although we find a significantly positive relation between prescription of statins and quitting smoking behaviour, we should be cautious in making causal inference on the effect of NHS health interventions. There are at least three issues that should be considered. Firstly, the NHS can affect individuals' healthy choices directly, by providing more advice on healthy behaviour; and indirectly, by prescribing new pharmaceuticals (i.e. statins). In order to argue that there is indeed an indirect effect that is residual to the direct health advice provided by the NHS, we need to control for smoking cessation advice in our specification. The last two issues are related to the endogeneity problem. As the HSE is a repeated cross-section there is an issue of reverse causality between the prescription of statins and the decision to quit smoking. Finally and more importantly, whilst we (the researchers) cannot really observe the underlying individual propensity to stop smoking, doctors can acquire this information by frequent contacts with patients. They can thus tailor their decision to prescribe medicines according to their evaluation of the marginal benefit from the treatment.
To conclude, there are potential sources of endogeneity (either omitted variables or reverse causality) that need to be addressed in order to claim a causal relation between State-protection/insurance and self-insurance. The following subsections will examine each of these issues in turn.
State-protection/insurance and self-insurance: direct or indirect effect?
Can we argue that the prescription of statins has an effect on individuals' healthy behaviour independent of the effectiveness of information provided by doctors? In other words, do people with CVD substitute or complement self-care with medical treatment regardless of the information they are given on health lifestyles?
As our measure of State-protection, prescription of statins, can proxy contacts with the doctor in a broader sense, we need to disentangle the indirect effect of statins from the direct effect of advice on health behaviour. Jones (1994) identified some special features of smoking such as health knowledge, addiction and social interaction. He used smoking cessation advice as a measure of health knowledge. However, he also pointed out the issue of response bias and simultaneity. First, medical advice can only be given to those who go to the doctor. Second, unobservable heterogeneity may bias the estimation because doctors may select those who, in their opinion, could benefit more from the advice.
The HSE provides data on whether the patient has been given smoking cessation advice by a doctor. It also contains information on the time when the individual stopped smoking and received smoking cessation advice from a medical practitioner. We can thus resolve reverse causality by defining the dependent variable as quitting smoking in the past 12 months and smoking cessation advice as a dummy variable that takes value one if advice has been given more than a year ago.
Table (6) displays the results of the cohort panel probit model of the quitting smoking behaviour. We include two measures of State-protection/insurance separately (i.e. prescription of statins and smoking cessation advice). The sample size is smaller because of the change in definition of the dependent variable 13 . We find that, whilst smoking cessation is not significant, there still is a significantly positive association between prescription of statins per se and quitting smoking behaviour. In particular, the prescription of statins increases the probability of quitting smoking in the last year by seven percentage points regardless of smoking cessation advice.
State-protection/insurance and self-insurance: reverse causality?
The second issue is the one of reverse causality. As the data are not longitudinal, the results shown in Table ( 5) cannot determine whether the decision to quit smoking has been taken after the diagnosis of CVD. Neither can we determine whether the doctor requires the patient to give up smoking before they are prescribed statins.
The HSE provides recall questions on the age of CVD diagnosis and the time when the individual stopped smoking 14 . The sample size is smaller be-13 See Table ( B.9) in Appendix B where the sample sizes of some key variables across the HSE years are shown.
14 For each of the CVD conditions -namely, heart murmur, diabetes, blood pressure, cause of the change in definition of the dependent variable 15 . Equation (16) is estimated for the probability of quitting smoking after a cardiovascular disease has been diagnosed. The dependent variable, q it , is equal to one whenever quitting occurs after the CVD diagnosis. Results are reported in Table (7) .
After correcting for the timing of events, we still find a positive association between quitting smoking and the prescription of statins (the effect is significant at the five percent level). The magnitude of the effect is the same as the one in Table ( 6) We also find a very significant and positive relation between education and quitting smoking.
State-protection/insurance and self-insurance: omitted variables?
The results presented in the previous subsections provide evidence of a positive association between prescription of statins and quitting smoking behaviour (even after disentangling the indirect effect of medical treatment from the direct effect of advice and after resolving reverse causality). There is, however, a potential bias in these estimates due to the fact that doctors, who can observe the underlying individual propensity to quit smoking, may actually select the "best" patients as the ones who are thought to have greater benefits from the medical treatment.
We address this potential endogeneity by estimating the relation between prescription of statins and quitting smoking behaviour with a simultaneous bivariate probit model [Amemiya (1975) ; Greene (1997) ; Maddala and Lee (1976); Maddala (1983) ]. Maddala (1983) defines this recursive, simultaneous equation with endogenous dummy as follows:
where the error terms, ( 1it , 2it ) are identically and independently distributed (i.i.d.) with a bivariate normal distribution with zero mean and variance angina, heart attack, irregular heart, stroke and other heart condition -the HSE contains a question on the age at diagnosis. We combine this information together with the age of the respondent and the time of quitting smoking to determine whether the decision of stopping smoking has been taken after the diagnosis. 15 See Table ( B.9) in Appendix B where the sample sizes of some key variables across the HSE years are shown. equal to one and with correlation ρ. q * it is the unknown propensity to stop smoking and s * it is the individual propensity to be prescribed with statins by doctors. The vector of socioeconomic characteristics, X it , contains the same variables as in equation (16). In equation (18) we consider a partition of such vector, namely x 1it , that only considers demographic characteristics. We also include a vector of exogenous variables, Z it . Maddala (1983) argues that, unless equations (17-18) denote an intrinsically sequential system, no identification is possible without appropriate restrictions in one of the two equations (i.e. at least one explanatory variable should be contained in (18) and not in (17)). Greene (1997) and Wilde (2000) point out that the endogenous nature of the dummy variable in the first equation can be ignored in formulating the log-likelihood. The only problem in estimating the recursive, simultaneous system of equations -Wilde (2000) argues -is the availability of enough variation in the data. However, this condition can only be ensured by the (quite strong) assumption that each equation contains at least one varying exogenous regressor.
As we are concerned with potential biases caused by the doctors' decision to prescribe statins, we force equation (18) to determine the "objective" factors that should be taken into account when medical treatment is provided.
We resolve endogeneity by estimating a "statins equation" that includes the risk factors (as the ones defined by national guidelines) that doctors should take into account when deciding to prescribe statins, regardless of the latent patient's propensity (observed by the doctor, but unknown to us) to comply with the recommendations. Therefore we partition the vector X it with demographic characteristics and exclude socioeconomic factors. In addition, we include a vector, Z it , of risk factors such as longstanding illnesses (i.e. diabetes, other endocrine problems, stroke, heart attack/angina, other heart and kidney problems) and levels of cholesterol (i.e. high, low or unmeasured).
We estimate equation (18) on exactly the same sample of patients with cardiovascular diseases as in Table (5). Table (8) reports the results. Interestingly, we find that there is a negative, albeit weak, correlation between the disturbances of the statins equation and the quitting smoking equation (i.e. the parameter ρ). The Wald test weakly rejects the hypothesis of no correlation between the two equations. This result can be interpreted as follows. Whilst the underlying unobserved propensity to quit smoking is negatively associated with the propensity of being prescribed with statins (and vice versa), once we control for the risk There is a direct marginal effect produced by explanatory variables in the quitting smoking equation and an indirect effect if the same regressor also appears in the statins equation. Therefore, the marginal effect in the quitting smoking equation is the sum of direct and/or indirect effects depending on the regressor being in the statins equation or not. †Dummy variables. * * * p < 0.01, * * p < 0.05, * p < 0.1.
factors that should determine doctors' prescription decision, we find a positive effect of the statins dummy. In other words, this result can be taken as evidence that doctors compensate for patients' lack of effort in undertaking healthier lifestyles with medical treatment.
With regard to socioeconomic factors, we support the previous results showing that educated and wealthier people (i.e. who own at least a car, have higher income or a bigger house) are more likely to quit smoking. Also, people who live in the North-West, Humber and Yorkshire or West Midlands are less likely to quit smoking.
Turning to the statins equation, in line with the guidelines we find that high cholesterol increases the chances to be prescribed with statins by eleven percentage points 16 . Those who have not had their cholesterol measured are less likely to be prescribed with statins. Other risk factors such as longstanding diseases have a very significant and positive effect on the prescription of statins. For instance, patients who have had heart attack/angina are 25 percent more likely to be prescribed with statins.
Considering demographic factors, we find that whilst women are significantly less likely to be prescribed with statins, prescription rates increase with age.
Conclusions
This paper examines the relation between NHS interventions and the individuals' effort to undertake healthy lifestyles. Does the provision of Stateprotection/insurance substitute for individuals' choices on healthy lifestyles?
We have address this question with both a theoretical and an empirical model. We develop the insurance contracts framework provided by Ehrlich and Becker (1972) and Peltzman (1975) under the following two scenarios. First, the State-provided NHS can only reduce the probability that ill-states occur -so-called State-protection. Second, in addition to the State-protection role, the NHS can effectively act as insurer by reducing the size of income loss should an ill-state occur -so-called State-insurance. We show that higher levels of protection/insurance by the State (either through the increased avail-ability or effectiveness of medical care) can crowd out or reinforce self-care.
We then apply this model to the case of individuals in waves of the Health Survey for England between 1993 and 2006 with diagnosed cardiovascular diseases who must decide whether to quit smoking. There has been a considerable increase in the proportion of these individuals who receive prescriptions of statins from the State, a highly effective drug that reduces the probability of further heart attacks and premature death. Simple univariate probit models show a positive association between prescription of statins and quitting smoking, the effect ranges between three and four percentage points amongst those with CVD.
Several issues impeding causal inference on the results are then examined. First, the paper disentangles the direct effect of smoking cessation advice from the indirect effect of the prescription of statins. We find that the effect of statins on the decision of stopping smoking is still positive and significant regardless of the advice given. Second, we show that the results are robust to adjustments of the timing between quitting smoking and CVD diagnosis. Finally, we deal with the potential bias caused by the fact that doctors, who can observe the underlying individual propensity to quit smoking, may actually select patients who can benefit more from treatment. We estimate a recursive, simultaneous equation model with an endogenous dummy variable. Identification is resolved by including, in the statins equation, risk factors that according to national guidelines should affect doctors' decision to prescribe. We find that whilst patients' willingness to quit smoking makes them less prone to be prescribed with statins (and vice versa), the prescription of statins exclusively based on observed risk factors increases the chances to quit smoking. This is evidence that doctors compensate for the patient's lack of effort in undertaking healthier behaviour with increased medical treatment.
Appendix A. Derivation of the theoretical model
We can determine the effect of a change in the parameter α from the first order optimality conditions (6a-6b) and (13a-13b) as follows: 
Appendix B. Sample sizes for the robustness checks
In the first three columns of Table ( B.9) we display the dependent variables of the empirical analyses shown in the paper for CVD patients. The first column contains the dependent variable "quitting smoking" used in the first specification of the empirical models where the largest sample is available. The difference in sample sizes between the first three columns depends on the fact that the dependent variables of the robustness checks constitute a subset of the dependent variable in the first column and on the fact that information on the timing of events has to be available. The last column of Table (B.9 ) reports the sample size of the regressor smoking cessation advice given before the patient actually stopped smoking.
